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FeatureThe aggressive expansion of ‘unconventional natural gas development’ — more 
widely known as ‘fracking’ — has triggered protests across Europe. The 
concern is not just the direct impact on the environment but the production 
of fossil fuel in quantities we can no longer afford to burn, along with the side 
effect that the availability of cheap gas undermines the economic viability of 
Dash for gas leaves Earth to frysustainable energies. Michael Gross reports.Balcombe in West Sussex is a sleepy 
little village of 600 houses, just half an 
hour south of London. This summer, 
however, it became the focus of UK 
government policy and protesters 
opposing it. The company Cuadrilla 
Resources had conducted exploratory 
drills to find out if the site was 
suitable for natural gas exploration 
by hydraulic fracturing of shale 
formations — in short, fracking. 
Large numbers of protesters 
demonstrated outside the facility on 
London Road in Balcombe. Citing 
traffic safety concerns, the police 
repeatedly tried to clear protesters 
from this road and send them to a site 
further away from the fracking action. 
On August 19th, the only member 
of parliament for the Green Party, 
Caroline Lucas, was arrested for not 
obeying police orders to clear the 
road.
The government and the right 
wing press have fiercely backed the 
fracking industry, in marked contrast 
to previous protests of campaigners 
against wind turbines, who have 
found sympathetic responses from 
the government. As biologist and 
environmentalist George Monbiot 
hypothesized in a commentary, 
drilling operations, like invasions 
of foreign countries, may feed into 
the macho fantasies of politicians in 
ways that peaceful and sustainable 
energies like wind and biogas just 
can’t muster. 
The fracking industry has so far 
enjoyed an almost free run across the 
US, where it has developed thousands 
of sites and dramatically changed the 
energy market in the last few years. 
It accounted for 23% of natural gas 
production in the US in 2010 and is 
forecast to make up half of it by 2035.
Corporations trying to replicate 
this commercial success in Europe 
are finding it more difficult, however, 
and not only because this continent 
is more densely populated. France changed its mining laws in 2011 
to introduce an outright ban of 
the practice, and there is strong 
opposition to it in Germany and in the 
UK. So what are the problems that 
opponents fear?
Down and dirty
The exploration of natural gas and 
oil tightly bound in shale formations 
has recently become economically 
viable through progress in hydraulic 
fracturing and horizontal drilling 
technologies. The hydraulic fracturing 
process involves pumping millions of 
litres of a liquid into the hydrocarbon-
rich shale layers to create pressure 
that breaks up fissures in the rocks 
and allows the gas to escape. The 
liquid is 99% water with suspended 
sand, but the chemicals in the 
remaining 1% are cause for concern.
The additives include acids 
meant to dissolve minerals, gelling 
agents to keep the sand particles 
suspended, lubricants, anti-corrosion 
agents to protect the pipes, anti-
microbial substances, as well 
as chemicals to block unwanted 
reactions with minerals. Companies 
are often reluctant to reveal specific 
information about the chemical 
composition of their hydraulic 
liquids, and a recent lawsuit against 
a company based in Texas revealed 
that even the exploration companies 
may be unable to find out the exact 
composition of the products from 
their suppliers.
However, as more and more US 
states have legislated to enforce 
disclosure, the information is now 
partially available and collected in 
online registries, such as FracFocus 
(http://fracfocus.org/). While the 
registry is still incomplete and not all 
companies are collaborating, it allows 
scientists to investigate possible 
environmental risks and make 
suggestions for more sustainable 
alternatives.Recently, California’s governor Jerry 
Brown signed a new law that comes 
into force at the beginning of 2014. It 
requires fracking operators to disclose 
on the internet all chemicals used and 
to seek specific permits for techniques 
such as the use of acid to dissolve 
minerals underground. The law also 
calls for monitoring of ground water 
and air quality, and for independent 
scientific study of the environmental 
impact of drilling operations.
The fluids may damage the 
environment if they leak from the 
production site and find their way 
into aquifers. Bore holes are sealed 
against the surrounding ground, but 
leaks occur in one to three percent 
of cases. When there is leakage, 
there is also the risk of ground water 
contamination with hydrocarbons, 
although it is difficult to distinguish 
if a given contamination arises from 
fracking or from geological exchange 
processes, as Vidic and colleagues 
have explained in a recent review 
of the impact of fracking on water 
resources (Science (2013) 340, http://
dx.doi.org/10.1126/science.1235009).
All being well, however, much of the 
liquid injected returns to the surface. 
Ideally, companies should collect and 
recycle the used liquid, but so far, a 
lot of it has been disposed via local 
wastewater streams.
Kyle Ferrar and colleague at 
the University of Pittsburgh have 
recently analysed the presence 
of contaminants downstream of 
wastewater treatment plants in 
Pennsylvania that had to deal with 
waste from fracking operations 
(Environ. Sci. Technol. (2013) 47, 
3472–3481). The researchers 
compared the effluent of the plants 
before and after May 2011, when 
authorities asked the companies to 
stop disposing of their used fluids 
through these plants.
Before the change, a number of 
substances were present above 
permissible thresholds, including 
the inorganic ions barium, strontium, 
bromide and chloride, as well 
as organic compounds such as 
benzene and toluene. Some of these 
substances were hundreds of times 
more concentrated in the effluent of 
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Water worries: A poster that appeared in the New York City subways a few years ago warne
of the impact of fracking on the city’s water supplies. The state has since imposed a morat
rium on fracking. (Used with permission from Damascus Citizens for Sustainability, produce
with Center for Urban Pedagogy and graphic artists, Papercut.)the treatment plant than would be 
permissible for drinking water. Even 
though the effluent is diluted as it is 
released into surface water streams, 
the study “casts doubt on the ability 
of wastewater treatment plants to 
deal effectively with the wastewater 
returned by hydraulic fracturing,” as 
the magazine Chemistry & Industry 
noted in April.
There are efforts underway to 
improve treatment and recycling of 
the wastewater, but in the meantime 
the business continues in the US with all the moderation and foresight of 
the Oklahoma oil rush in the 1920s, 
a situation which isn’t going to win 
over many people in Europe. To add 
to the worries, a report published 
at the beginning of October found 
significant concentrations of the 
radioactive radium isotope 226Ra in 
wastewater samples from fracking 
operations in Pennsylvania (Environ. 
Sci. Technol. (2013) http://dx.doi.
org/10.1021/es402165b).
An environmental aspect that 
isn’t even mentioned in political discussions is the impact on deep 
subsurface biotopes. In recent years, 
research has established that the 
biosphere reaches much deeper 
than anybody anticipated, with 
confirmed samples of functional 
biotopes retrieved from depths of 
up to several kilometres (for a recent 
example of subsurface discoveries, 
see Science (2013) 339, 1305–1308). 
Paula Mouser and colleagues at Ohio 
State University have only just started 
a comprehensive research project to 
study microbial diversity and functions 
in deep shales and adjacent layers 
with modern ‘-omics’ techniques. It is 
conceivable that fracking operations 
may alter or destroy such biotopes 
before we even have the chance to 
learn about them.
Earth shattering
Another concern is the possibility that 
the pressure-induced fracturing of 
rocks might trigger small earthquakes. 
In this respect, the nascent fracking 
industry in the UK got off to a bad 
start, as the company Cuadrilla 
recorded two minor quakes at its first 
exploration site in Lancashire. With 
magnitudes of 1.5 and 2.3 on the 
Richter scale, these tremors didn’t 
cause any physical damage, but they 
were sufficient to raise concerns that 
fracking may also cause collateral 
damage with its geology, not just with 
its chemistry.
Nicolas J. van der Elst and 
colleagues from Columbia University, 
USA, have recently reported that 
geological sites with anthropogenic 
disturbances, such as liquid 
injection, may be susceptible to have 
earthquakes triggered by the seismic 
waves of remote natural earthquakes 
(Science (2013) 341, 164–167). 
“Triggering in induced seismic zones 
could therefore be an indicator that 
fluid injection has brought the fault 
system to a critical state,” the authors 
conclude.
In a review published simultaneously 
by Science online, William Ellsworth 
from the US Geological Survey at 
Menlo Park, California, surveyed the 
recent examples of seismic events 
that may be attributed to industrial 
activity (Science (2013) 341, http://
dx.doi.org/10.1126/science.1225942). 
Ellsworth states that hydraulic 
fracturing routinely causes so-called 
micro-earthquakes with magnitudes 
of up to 2.0. The largest quake 
associated with this technique 
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People’s protest: Exploratory fracking operations in the UK have found enthusiastic support 
from the government, but fierce opposition from environmentalists and local residents. (Photo: 
courtesy of Sophie Yeo, RTCC (http://www.rtcc.org).)measured 3.6, which is still not 
considered a serious risk.
By contrast, wastewater injection 
for underground disposal has also 
triggered larger earthquakes, including
one of magnitude 5.6 in Oklahoma, 
which destroyed more than a dozen 
buildings and led to injuries. The 
reason for such events appears to be 
that existing faults are weakened by 
the pressure applied through injection.
Only a small percentage of the 
injection sites have this risk. However, 
there has been a clear increase in 
seismic activity in the mid-continent 
part of the US since 2001, and this 
may well be due to anthropogenic 
causes.
Climate concerns
Even if the shale gas were to be 
extracted without causing too much 
collateral damage, there remains 
the fundamental concern of climate 
change. Getting more fossil fuels out 
of the ground will eventually mean 
that more carbon will get burned, and 
thus more carbon dioxide produced. 
Considering the climate situation 
described in the recent fifth edition 
of the IPCC’s assessment report, 
humanity cannot really afford that.
Just ahead of the publication of the 
report, the former president of Ireland, 
Mary Robinson, appealed to world 
governments to get used to the idea 
of leaving fossil fuel reserves in the 
ground even when it is economically 
feasible to exploit them. Robinson 
heads an international initiative of 
elder statesmen aiming to break the 
deadlock in climate negotiations. A 
month earlier, however, it emerged 
that a scheme to encourage Ecuador 
not to exploit its oil reserves under the 
Yasuni National Park had failed due to 
insufficient funds.
The latest IPCC report, combined 
with scientific results explaining the 
mysterious hiatus in global warming 
during the last decade, has made 
the case for switching to renewable 
energies all the more urgent. 
Defenders of the fracking industry 
have adapted their rhetoric and are 
calling shale gas a ‘transition fuel’ to 
enable the world to get away from the 
even dirtier coal and oil, and to buy 
time for the development of clean and 
economically competitive renewable 
energies.
The transition argument might have 
looked good twenty years ago when 
the dangers of climate change first became known, but nowadays it looks 
just like denial of the catastrophe that 
is already beginning. A big part of 
the problem is that the availability of 
cheaper gas from their own territories 
doesn’t exactly motivate governments 
or companies to go looking for 
sustainable alternatives.
In the UK, for instance, 
environmentalists have pointed 
out that there is a large potential to 
produce gas from biomass, which is 
now being ignored as the government 
is rushing to assist the fracking 
industry. It is very telling that the UK 
government, which Prime Minister 
David Cameron once pledged to 
become the “greenest government 
ever”, has changed planning 
guidelines to appease local opposition 
to wind farms, while standing by 
the shale gas industry when it faces 
protest.
In the US, environmental 
arguments have even less of a 
chance to get heard. (Note that the 
Environmental Protection Agency 
was among the institutions that were 
comprehensively knocked out in 
the government shutdown starting 
October 1st.) Traditionally, hitching 
them to the argument of energy 
security and independence from 
imports was the line of reasoning that 
got people interested in exploring 
alternative energies. Now that the US has the prospect of cheap and 
plentiful shale gas from domestic 
resources, the chances of a switch 
to renewables are disappearing fast. 
Globally, low prices in fossil fuels 
are bad news for sustainable energy 
technologies that have to compete on 
the market.
Outlook
There is probably no stopping 
the fracking industry in North 
America (although Native American 
communities in New Brunswick, 
Canada, are still trying). The economic 
impetus of the resources exploited 
there appears to be sweeping all 
climate and local environmental 
concerns aside.
The situation is very different in 
Europe, however, where the much 
higher population density means that 
fracking operations are more likely to 
impact on people’s lives and on what 
little remains of nature. Poland has 
embraced fracking enthusiastically, 
but the international corporations 
have withdrawn after exploratory 
drills found reservoirs to be smaller 
than anticipated.
Exploration plans in Germany have 
encountered fierce local protests, and 
politicians have been anxious not to 
be seen supporting the controversial 
technology ahead of this September’s 
elections. Thus, a Canadian company 
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To the surprise of the general 
public, and even to some students, 
scientists are human. Our lives 
and interests are not limited to the 
lab bench or the computer screen. 
This evident truth is highlighted 
twice over in Brave Genius, the 
new book by evo-devo geneticist 
and popular science writer Sean B. 
Carroll, which traces the lives of two 
Frenchmen who were close friends 
and both of whom won Nobel 
Prizes — Jacques Monod (1965, 
Medicine) and Albert Camus (1957, 
Literature). 
Monod, who co-discovered the 
operon with François Jacob, was 
a talented musician with a lifelong 
involvement in politics, including 
an important period in the French 
Resistance during the Second 
World War. Monod’s life was not 
simply spent thinking about science. 
Equally, by writing what is effectively 
a joint biography of Monod and 
Camus, Carroll has explored his 
own fascination with the events 
surrounding the Occupation of 
France, and with the writings and 
personality of Albert Camus, as well 
as his understanding of Monod’s 
discoveries. 
Camus and Monod met each other 
in 1948, when they both waded 
into the debate over the attack on 
‘bourgeois genetics’ by the Soviet 
agronomist Lysenko. The two men 
agreed in their critique of Stalinism 
and of its distorted view of science, 
and their close friendship lasted until 
Camus’ death in a road accident 
in 1959. This episode, which in 
many respects should be the heart 
of the book, occurs over halfway 
through, after nearly 300 pages of 
description of the war, Occupation 
and Resistance. 
That opening half of the book 
will interest readers who have not 
read anything about this period, 
but these pages are not focused 
on Camus and Monod. Further, 
the image of the Resistance and 
the Liberation presented is a 
conventional one that does not 
describe the conflicts between the 
various Resistance groups, the 
mutual suspicions of the Resistance 
and de Gaulle’s Free French, or the 
hostility of the Allies towards de 
Gaulle and their suspicion of the 
Resistance. Positioning Camus and 
Monod in this nuanced political 
context would have brought these 
passages to life. 
When the moral difficulties of living 
and working under the Occupation 
are raised, Carroll seems surprisingly 
reluctant to examine them. The 
German censors insisted that if 
Camus wanted to publish his book 
The Myth of Sisyphus, he would have 
to remove a chapter on Kafka, who 
was a Jew. “Camus had no option 
but to comply,” writes Carroll. But 
Camus did have an option, which 
was not to publish under those 
conditions. During the Occupation, 
people made choices that had lasting 
consequences for their subsequent 
reputations. Exploring Camus’ 
choice would surely have been an 
appropriate response to the actions 
of this existentialist philosopher.
Book reviewhoping to start exploration in the 
state of Hesse, where elections 
were held simultaneously with the 
federal elections on September 22nd, 
got stuck in the mud of German 
bureaucracy with no political support 
to get their project moving. Moreover, 
the switch to renewable energies 
(‘Energiewende’, see Curr. Biol. (2011) 
21, R379–R381) has the support not 
just of the Green Party but also of 
the two major parties, so it remains 
mainly a question of how to carry it 
out efficiently.
All this may give hope to the 
UK protesters, who still have their 
battles to fight. At the Balcombe 
site, Cuadrilla has closed down this 
summer’s exploratory operation, 
but it is applying for planning 
permission for further investigation, 
so the protest organisation No Dash 
for Gas is standing by for further 
action. West Sussex, like most 
of the rural counties in the south 
of England, is firmly dominated 
by conservative voters. However, 
people in these parts would not like 
to see their green and pleasant land 
turned into industrial wasteland for 
energy production. Nimbyism, which 
Cameron’s government only supports
when it acts against wind turbines, 
may still crush his drilling dreams and
wider political ambitions.
Even if Balcombe and its green 
idyll of southern England is saved 
from the new dash for gas, its 
global impact shows that ecological 
concerns still have no way of 
stopping economic juggernauts 
like the quest for cheap domestic 
energy.
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk
Night shift: A drilling rig at a fracking site
in the eastern plains of Colorado, aiming to
reach the Niobrara Shale formation. (Photo:
iStockphotos.)
